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Objectives in end-line-testing:

1. HAf lﬁ;:{ﬁ"éj%g@g"i SIS FFEKJFP FF”},HIJ’} I,JJH’,",
Basic Goal: Separate defect units from delivered goods
> [P IEGHI (F a2 = PASS/FAIL ] 3E: simple
PASS/FAIL Jcision uiing limits

2. IR SERFEL D Ao Fﬁrp
Ultimate Goal: Avoid manufacturing of defect units
> P15 TRV [ ok < i
IH use diagnostics to get meaningful characteristics used as
feedback in controlling the production process
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How to reduce the rejection rate ?

H/= %%Steps:

1. YEBERIZMEE ? Whatis the physical cause ?
LN BE R b 4R HE M) EB R R ? How can the cause quickly

be detected ?

3. W{AERELEERETBREZES ? How to use this
information for process control ?
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Fault Analysis

REXH
Systematic o
/ g YIERF
Physical Cause
—> Glue problem
) Bad spider
— Voice coil offset
7[: Eiﬂ? Loose particle
Defective 1BRM
Unit . .
Accidential

~ Target: Reduce Rate of Rejection
1% W7 Solution: On-line Diagnostics

UEREBUR
Adjust
Process

— 4R

Repair
unit

EMERET

Recycle
unit
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Exploiting Information from Components
JERRM AR T
DR AE B wEME
2nd-order harmonic Asymmetry of Open Questions:
distortion nonlinear curve
shape MU ER
—— JERR M B AR What kind of nonlinearity ?
KNP = BE
Harmonic 3rd-order harmonic Symme?y of H B RIEE 2B~
Distortion distortion nonlinear curve RE?
shape
A defective part or an
assembling problem ?
= N SEb Y FE%'J y =]
BREELAE
higher-order s ’%%}E% & -
harmonic Lig:gitting‘ WS E R A
H i ru uzz
distortion Wire beat How to fix the problem ?
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Diagnostics based on Nonlinear Parameters

RIZHRH B
Large Signal
Identification (LSI)

¢

But the
measurement time > 10
minutes
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Force Factor Curve BI(x)
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2R
Curve measured by
using Large signal
Identification (LSI)

M ERTE : 10min
Measurement time: 10
min
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HE R
Stiffness Curve Kms(x)
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FERRME MARA ERR AT ?

Are nonlinear curves good for end-of-line testing ?

Good point:
4 M ERIR T AN FAE curves provide all relevant information

Bad points:

L 2 X0 B E EE Z A EFE Full identification requires more time

o EHMRAEEHMMBEE complexity makes interpretation difficult

. HRRBZEZSENYIERRE Curves reveals multiple physical causes
. A LLE A Cpk, Ppk Cpk and Ppk can not be applied

> EEBBNAKRSEETIEESRNQC

single-value characteristics are preferable for QC
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Force Factor Limited Displacement xg defined according IEC standard 62458

IRIRIEC 62458 ZERE
60 Blx=0) Criterium:
’ s X 2 10% 97 G
E;A _____________ Maximal Peak Displacement xg generatrng 10 %
TBL=82% | mrey N intermodulation distortion
4,0
Steps:
SYO 4 N ord = e
1. T ST BB A Operate
2.0 transducer in large signal domain
0 — 2. it U EEE ] BI(x=0)
X8 FU82%fu Ry FiTv mfv’g!m;ajx
00 h Read displacement X where force factor

-5,0 -2,5 0,0 2,5 5,0

<< Coil in X mm coil out >>
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BI(x,.) decreases to 82 % of the value BI(x=0)
at rest position
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Compliance Limited Displacement x defined according IEC standard 62458

FUBIEC 6245815 141
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Criterium:
o A f:g’l ['ﬂ%"@ﬁ B O%EIU%'T?@#'\ H

Maximal Peak Displacement x. generating 10 %
harmonic distortion

Steps:
1. T TR A

Operate transducer in large signal domain
2. TR GRS R R A F'F
755%™ FIv 'T"} ,];anc
Read displacement X where compliance

value C,(x,,) decreases to 75 % of the
value C,(x=0) at rest position
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Xmax and other Displacement Limits

IRt KRB Compliance AR Force Factor B & Inductance Doppler
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10 % IMD 10 % IMD
\10%THD o minimum 0 10% IMD_/
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Xmax
EETHEIB10%HITHDZ10%KIIMD

Generating not more than 10 % THD or 10 % IMD
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RESBHNFEVE
Adjusting Coil's Rest Position
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Voice Coil Offset x
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coil out >>

H# Steps:

1. TS E R g
Operate transducer in large signal
domain

2. A ﬁl b F2xac I8 13 TV k|
F f"IXsym
Read symmetry point X, at
maximal peak displacement X,

3. X

offset:Xsym

If Xac >XBI
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Stiffness Asymmetry A, defined according IEC standard 62458
RIZIEC62458 R HETE X

Kms(x)
N/mm E‘—"i KMS( - peak)
5 T l\
4 T
3 T i \ Kwus( Xpeak)
F \ /ﬁ?
2 T \ / i
1 E E N e i
L ~Xpeak Xpeaﬂl
0T\\;}\\\\}\\\\\\\\\\\\ilw\\
50 -2,5 0,0 2,5 5,0
coil in x  mm coil out

175 2a hlE R IR B R B REF LM PEN R, 16

S Steps:

1.

Ay (xpm) =

EXRESEA TR REE
Operate transducer in large signal
domain

ERREERBL RN E
=l

Read stiffness values X (X ca)
and X (X eq) at maximal peak
displacement
BELXITEDIETNHE
Calculate stiffness asymmetry
according

2K 15 (%) = K s (5,0)

100%,
Ky (—x peak )+ K (x peak )
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Motor & Suspehsioh Check (MSC)

“I T LS

Special LSI dedicate uality Control (e.g. end-of-line testing)

BEMER Voltage & current

#£ R Results:

. %ﬁ@ Voice coil offset

F= I% ;F%J'ﬁ_\g Suspension asymmetry
cMELBHHIEEMNE

POWGr peak displacement
e *10% K EBTHI LT Displacement
amplifier (Xmax) producing 10 % distortion

. X=0&]l E’JT/S%%& T/S parameters at
x=0

M ﬁﬁséy Box parameters fb,Qb
. X=0&JIE’9 Eﬂﬁ Impedance at x=0

0.2 -2 s MEZRFE 0.2-2s measurement time
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MSCH i Ry R B

Models used in MSC

B{KFE Subwoofer
'1&% Woofer

'E*ﬂ. Headphone
<NBUB O\ Microspeaker
'i?@ﬂ. Microphone
'iﬁsé%% Shaker

@

e } LAY R R Vented-box system

Ca)(s— BEHEEZNNHHFFNR
7 ()2 (57a)(s—a)

" (s=b)(s—by) HERE system with
complex mechanical or acoustical
load (panel, horn, transmission
line)
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Special Stimulus used in MSC

o FEXNRBERRBHITHENBMH

Persistant excitation of the transducer is required !

S R BN

e LBN , ZETRANKENZERE

Sparse multi-tone complex of length T is the best stimulus

o FEMAMRZIRERS

Pre-excitation (fraction of T) is required for steady state

W EFFSBRIRAIRE

Spectrum of the measured current

W B P18 RIRARTE
Waveform of the measured current

m

7 REEX

1 W

W

AR
Il
1 loise floor
| bl il

300 a0
Timo [me]

< > KRERE LN BT
T=170ms ... 2.7 s Sés:ﬁ:éz:nagz the basis for the identification of the
FEBHELSEHNBRRAFLLQRENR, 19 www.Klippel.de <
MSCH SiEN £
High Measurement Speed of MSC
B\ A MAMLEA BBENBE SOBBEE
Speaker Type = Typical ‘LQJ—E'_ Typical :!:gmal stimulus
resonance frequency | stimulus length
Subwoofer 30 Hz 2.73s 1,3s
Woofer 60 Hz 13s 0.68 s
Midrange 300 Hz 0.68 s 0.34s
Tweeter 2000 Hz 0.17 s 017 s
Headphone 100 Hz 0.68s 0.34s
Microspeaker 500 Hz 0.34s 017 s
Exciter (shaker) 100 Hz 0.68s 0.34s
Closed-box System 60 Hz 13s 0.68 s
Vented-box System 50 Hz 13s 0.68 s
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No Additional Sensor Required

« EEBERAAOUEBEMBR
>>> Only voltage and current is monitored at
the terminals

Vented-box
System

o REEF/LTEHF T HREBRN N
Eﬁi;b ﬁl%iﬂMotor and suspension can

be checked when the transducer is
mounted in enclosure

o ATBUEE KL M M Emeasurement

via long cables possible

@ s NHRERBFNRE

Full immunity against ambient noise

Analyzer
with electrical
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Testing the Enclosure

NN EBRIEHFRRENEMAR
I conventional measurements show total
behavior of the loudspeaker system

*MSCHF IR 3 # 7T 1Y iR FA 55 52 P R B R
Fﬁ IXSU}F* MSC separates defects in the
drive unit from defects of the enclosure (port,
sealing, damping)

FRAFFIR T B T S T A RS E R
No need for taking the drive unit out of the
enclosure

AR EFS R, ZBIERTE.
RR, SRNERHRNGFRRE R
RE R EREEF

Perfect for checking the quality of loudspeaker
systems in rental companies due to ageing,
fatigue, climate influences
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Overview on Single-Valued Parameters representing Ioudspei;er nonlinearities in MSC

MSCH 1 7t a7 S 1

Ru G sw @

s u‘ Co TRiZ Mo

Parameters i
at x=0 Nonlinear Xmax for
Parameters 10 % distortion
Thiele-Small Parameters at X=X g in IMD or THD
Electrical Relative G i limited
ompliance limite
P]a;arzeters ngargetzrs i Stiffness displgcement %o
) = s s Xms 2 Zes2 b2 Xb asymmetry AK
Voice Coll Force factor limited
Mechanical Offset Xygeet displacement xg
Parameters
BILM,, R, C,. K,
7 L R R AR B RA IR RN R, 23 www.klippel.de )

MSCH R 8=

Sensitivity of MSC, Example showing Influence of Gravity on Voice Coil Position

E X E RN BN mAE A

Xoftset = 0.060 mm Xottset= 0.072 mm Xostset= 0.084 mm

AXU/M =—12um AXU/M =12um
Prediction using
gravity constant g=9.81 ms=2

Moving mass Mms= 4.94 gram AX . =M oC 5
Compliance Cms(x=0)= 0.4 mm/N offset ms8%ms  =10...20 um

Compliance Cms(x=3mm)= 0.2 mm/N
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Reproducibility of the MSC
FEIFLiREEER L THIRARN B L

Result of an R&R test performed on various transducers

Akms
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_EI #L Flfj | %I ',j:' %Xoffset

Voice coil offset X g of the headphone

Bl curve measured with R&D
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offset [mm]

X

offset

BATCHA BATCHB
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-0,10 4
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-040 4 i o Xoffset -I_ -
050 ‘L -c worst
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worst
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PN, Stiffness Asymmetry Ay

AKms
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10.00 deat vaiue
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On-Llne Diagnostics
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~> mimimal rate of rejection f& | [* 7 Uk
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Conclusion

MSC=2 —ﬁ%ﬁﬂ’ﬂ/ﬂﬂiﬁﬁ,ﬁ:f#\ MSC is a new kind of measurement providing:

° ﬁﬁ E’JBIZ%’J *ﬂ% M %\éﬁﬂlg i”é\&(ﬁ full motor and suspension diagnostics

® i - g&ﬁ E’g ﬁl- i lﬂ ﬁ"tﬁ, Hﬂ simple interpretation of single-valued parameters

° ?E Hﬂ %EE’Q Wﬂﬁ lﬂ shows physical cause of distortion

* ﬂ'—.f_.{ |5H ’MSE,}] ﬁ;{ Bﬁ (?I’E‘Eﬁé,}?(k a, |3E.J=l::) defects of the enclosure (leakage, port, damping)
° Rﬂ‘FﬁﬁE’ﬂEﬁﬁJifmﬁﬁi applicable to all kinds of drive units

s IMEFFAESPIH  small and large signal domain

* WEE’QJJHJJEETJ‘ |\Eﬂ short measurement time (< 1s)

* 3§j(5’9 , %iﬁ@?gﬁﬁ robust, immune against ambient noise

° ﬁﬁ&%ﬂ E’g Eﬁfn basis for process control

SBERBREBNDTEE > minimal rate of rejection
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